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Executive summary:

TransCanada Pipelines Limited is propasing the Keystone Pipeline Project to transport a nominal
435,000 bpd (591,000 bpd maximum} of crude oil from facilities near Hardisty, Alberta, to the
vicinity of Patoka, lllinois, and to Cushing, Okiahoma.

DNV Cansulting is assisting TransCanada with risk management and regulatory compliance for
the Keystone Pipeling, specifically, assessing the U.S. portion of the Keystone Pipeline to quanlify
oil spilf risk. The outputs will enable refinement of the ecelogical assessment belng conducted for
compliance with the National Environmental Policy Acl. This report documents the freguency of
potential spilled volumes from the Keystone Pipeline. The current design of Keystone was
reviewed and the [atest techniques in quantitative risk analysis were used to quantify the likelihcod
of realistic maximum spill voiumes.

The pipefins spill frequency was estimated by adjusting historical pipeline failure frequencies using
Keystone-specific madification factors. This study segmented the pipeline Inta lengths that each
pose virtually constant spill frequency based on causes of failure. The relevant failure
mechanisms specific to Keystone that could impact the frequency of leaks were identified.

The frequency of failure was estimated for three hole sizes for each cause of failure, for each
segment. Qverall, the likelihood of a leak greater than 50 barrels anywhere along the pipeline is
estimated o be about 0.14 per year, or once every 7 years. The leak volume per mile for
Keystone is approximately 0.37 bbl per mile per year. For purposes of comparison, pipelines in
the U.S. had a leak frequency of G.49 bbl per pipefine rnile per year during the perlod 1992 to 200

{OPS, 2008). -

Approximately 53.5% of the spills would be from small holes {pinhacles), 32.5% would be from?7
medium sized holes (1 in}, and 14% woauld be from large holes (10 in or greater). The most likely -
cause of a leak ;‘i estimated to be corrosion. ——

e
e - e

Realistic maximum spill volumes were calculated based on estimated leakrates for each segment
and each hole size. Draindown procedures and line depressurization were not accounted for in
the spili volume eslimates, resulting in conservative estimalions of potential maximum spill

volumes,

Two throughput scenarios were evaluated, a 435,000 bpd throughput scenario (nominal case} and
a 657,000 bpd throughput scenario {best available data to represent the 591,000 bpd case).
Cumulative frequency-volume curves were developed, describing the likelihood of a spill of a given
volume ocourring from the Keystone Pipeline in ils current design phase. These curves provide a
visual illustration of the risk profile of Keystone.

These two scenarios bound this study of Keystone Pipeline. However, alone they do not provide
an accurate piclure of potential spills from Keystone. Evaluation of risk requires assessing
frequency and cansequence together rather than separately, because the worst risk scenario is
often not the greatest volume release, because a large volume release often is associated with the
smallest freguencies.
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Distribution of Hole Sizes for Each Cause

A specific distribution of small, medium and large sized holes was developed and applied for each
spill cause (described further in Section 4.0). Note that hole size is not the same as spill volume.,
Some leaks from small holes could occur for a long periad of time and resuit in a farge splil volume
hecause they would not be detected as quickly as some leaks from larger holes.

The estimation of frequency for a given spill volume is linked to hole size, because [or any failure
cause, one hole size is more or less likely than another. In assessing the distributicn of hole sizes
for each cause, the failure mechanism and pipe material properties were considered. The size of
the hols is a function of many factors including stress levels and material properties such as
ductility. For instance, corrosion is characterized by a failure mechanism of slow remaval of metal,
and lherefore is generally prone to result in pinhole-type leaks rather than full bore failures. In
contrast, outside forces such as vehicle impact on aboveground pipeline are more likely to cause

larger holes.

Three sizes of leak were assessed for each cause:

» Small, equivalent to 0.1 inch diameter hole >

e Medium, equivalent to 1 inch diameter hole

+ Large, equivalent to 10 inch diameter hole and !arge?

The representative hole sizes were chosen to allow use of the best stalistically significant set of
data for pipelinas. Fusther detail regarding the generic data sets used in this analysis is provided

in Appendix L.

3.2 Segmentation

The pipeline was segmented for this assessment based on an offset of facters, all related to the
physical and environmental characteristics that would create unigue failure mechanisms for
various lengths of pipe. These segments were used as the basis for calculating frequency of spill
volumes. DNV defined each segment as the length of pipe over which none of the risk
characterization parameters changes significantly.

An alternative approach would have been to define each segment by a static geographic distance;
however, the current approach was deemed more suitable for any future spill risk studies
incorporating consequence of a spill.

Table 3-3 lists the characterization parameters used as inputs to segmentation.
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report the leak immediately, the detectionfverification times would be different than if the leak
detection system was the only means of identifying a spill.

For the purpose of discussion, a cause is called, "reported” if a person is expected tc be present at
the sceng, and very likely to observe the leak and called it in within & short timeframe (regardless
of whether the leak s detectable by the leak detection system). An example is excavation
damage. Such an event would likely be observed al the time of the incident, and a ghone call
wauld be placaed to report that a pipeline had been hit during excavation activities. The two

reporled causes are:

» Excavation damage
» Hydraulie {pressure surge} event

For reported causes, it is assumed that the |eak is cbserved, reported, verified, and valves
instructed to close in the times indicated in Table 5-1.

Tabie 5-1 Time from Leak Start to Closure of RGVs for Reported Causes

Hole size Detection Valve closurs
Small 30 min 2.5 min

Medium 15 min 2.5 min
Large 9 min 2.5 min

Non-reported causes are expected to occur without any person present to witness and report the
event; thus, the leak detection system and surveillance is assumed to be the only means of leak
detection for these causes. For example, a corrosion {sak is not normally related to the presence
of people who might observe it, and would have to be detected via the Keystone systems
designed for that purpose. The non-reported causes are:

Mechanical defect

Corrosion (external or internal}
Flange, seal, and fitting leak
Washout

The estimated times te delect, verify, initiate valve closure, and complete valve closure {isolation)
for non-reported causes are provided in Table 5-2. For Jarge leaks, tha time for delection system
rasponse is independent of whether the leak is above or below ground. Smali leaks below ground
{necessarily detected by surveillance) may take significantly longer to detect than small leaks
ahove graund.

Table §-2 Time from Leak Start to Closure of RGVs for Non-Repaorted Causes

Detection and Veriflcation isolation
Leak Rate Below Ground Plpe | Above GroundPlpe | 1'M@ é‘,’; ;GV to
Less than 1.5% 90 days 14 days 2.5 min
1.5% 138 min 138 min 2.5 min
5% 18 min Bmn 2.5 min
! 50% Q min 9 min 2.5 min
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